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Abstract

The NT Die Cutter consists of a die cutter having three dimensional cutter blades on the cylindrical
outer surface and an anvil roll having a smooth cylindrical outer surface. NT Die Cutter is used all over
the world as a cemented carbide rotary cutter for processing the outline of sanitary napkins and diapers
at high speed. We developed “CC Anvil Roll”, an anvil roll which satisfies both a long operational
lifetime and low risk of cutting edge chipping (Patent No. 5797408) . CC Anvil Roll (Cemented Carbide-
coated Anvil Roll) has a thin hard layer and achieves a long operational lifetime due to the excellent
wear resistance of it and reduces the risk of cutting edge chipping with its cushion performance making
use of low Young's modulus of the base material. In this study, we conducted a running test with other
materials and carried out a comparative evaluation of CC Anvil Roll based on its abrasion behaviors. As
a result, it was confirmed that CC Anvil Roll has excellent wear resistance comparable to a cemented

carbide anvil roll and reduces the risk of cutting edge chipping.

NT ¥4 Ay & =138 LICHEZTERT 254 Ay ¥ =N EHRET vy ELVR—L25RkD, 7%
PRUOL EoEHERN THBE S -5 ) —h v ¥ — & LT, Global i T SN TS, ¥4
By ¥ —oREFHmlLENBEED ) A 7 EHA M. S22 7 yELR—LELT ICCTvELT—IL ) ZHF
L7 (B 5797408), CC7rELu—)L (Biia—F 4 v 7/ 7vELn—)) l3a—)LEIZ WC-Co D
WEEEHE L TE Y., 24U X DIENE & M OEY v VR EED L7 vy a vIERTREML & NG
DY AR E FHT 2, KL TRAOME L & b I FEBRIEAE % 1T\, 2 DBEREEE» 5 CC7rElLn
— IV DOEHFE UG L 72, 2 Of5H. CC 7 rena— L IdHAEE 7 > €l n —)LICVEET 2 B i
EZELTEY, AkFvELY DY 27 ERNE b RS N,

Nippon Tungsten Review Vol.40 (2016) — 44 —



1.Introduction

In 1986, NT Die Cutter was commercialized as a cemented carbide rotary cutter for processing the
outline of paper and non-woven cloth which were difficult to be cut by mold. NT Die Cutter consists of a
rotary cutter having three dimensional cutter blades on the cylindrical outer surface and an anvil roll
having a smooth cylindrical outer surface. NT Die Cutter cuts a raw material sheet to the product shape
as required by passing it between those two rolls. Nippon Tungsten has provided cemented carbide
rotary cutters combined with anvil rolls consisting of ferrous materials such as cemented carbides and
dies steels. The combination of a cemented carbide rotary cutter with a cemented carbide anvil roll can
achieve a long operational lifetime due to the excellent wear resistance of cemented carbide while
excessive force is applied to the cutting edge due to exterior environment factors such as temperature
and vibration and the risk of cutting edge chipping becomes relatively higher. With respect to the
combination of a cemented carbide rotary cutter with a steel anvil roll, the risk of cutting edge chipping
is low but the operational lifetime is shorter than that of the combination of a cemented carbide rotary
cutter with a cemented carbide anvil roll. We developed “CC Anvil Roll”, an anvil roll which satisfies
both a long operational lifetime and low risk of cutting edge chipping. CC Anvil Roll has a thin hard layer
of WC-Co on the cylindrical outer surface and achieves a long operational lifetime due to the excellent
wear resistance of it and reduces the risk of cutting edge chipping with its cushion performance making

use of low Young's modulus of the base material.

2.Experimental

We conducted a running test for CC Anvil Roll combined with a cemented carbide rotary cutter in
order to confirm the performances of it. The following two items were evaluated as compared to other
materials:

1) Wear resistance; and
2) Effect of CC Anvil Roll on the cutting edge.

In the running test, we used a cemented carbide rotary cutter and a test anvil roll shown in Fig.1.
Since the test anvil roll consists of CC Anvil Roll and a cemented carbide anvil roll and a steel (JIS
SKD11) anvil roll, a relative evaluation is possible during the simultaneous test. Table 1 shows the
hardness of the cemented carbide rotary cutter and each anvil roll. In order to measure the hardness of
cemented carbide and steel (JIS SKD11) and CC Anvil Roll, we used HV30 and HV0.3 Vickers hardness
tests, respectively. It is impossible to measure the hardness of thin hard layer on CC Anvil Roll’s surface

using a HV30 Vickers hardness test because of low Young's modulus of the base material.
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Fig.1 Schematic of a performance evaluation test for CC Anvil Roll

Table 1. Hardness of cemented carbide rotary cutters and CC Anvil Roll

Material Grade Vickers hardness
Carbide Die Cutter FND30 1633
CC Anvil Roll 1167
JIS SKD11 685
Cemented Carbide G50 1071
Cemented Carbide G30 1199

In this test, cemented carbide die cutters and anvil rolls were operated under the conditions close to
the actual ones, i.e. running test conditions shown in Table 2, and their cutting edges were worn. The
load to rolls increased from 490 kgf at the beginning of the test up to 1,490 kgf by 245 kgf per 50,000

rotations.

During the running test, abrasion flaws are generated on the anvil roll surface due to the contact with
the cutting edge. We measured the depth of those flaws on the anvil roll surface and investigated the
abrasion behavior of CC Anvil Roll comparing with other materials. The depth of abrasion flaws was
measured by a surface roughness measuring device.

The blade height of a die cutter is lowered as the abrasion of the cutting edge progresses. Further, the
cutting edge is rounded and the land width of the edge top increases. The larger the load to the cutting
edge, the more the edge height is lowered and the larger the land width becomes. By measuring the
decrement of blade height and the increment of edge land width, we evaluated the effect of CC Anvil
Roll on the cutting edge. The decrement blade height and the increment of edge land width were

measured by a dial gauge and a microscope, respectively.
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Table 2. Conditions of the running test

Item Conditions
Rotational speed 600rpm
Total number of rotations 250,000
Load on the Roll 490-1469kgf

Receiving a driving force of the motor

Driving method for Anvil Roll through a pulley

Receiving a driving force by the fiction

DivinsimethodiionDicGutter force between die cutter and anvil roll

3.Results and Discussion
3-1 Wear resistance of CC Anvil Roll

With regard to the depth of abrasion flaws on the anvil roll surface generated by the contact of the
cutting edge, a comparative chart according to the anvil roll material is shown in Fig.2. The descending
order of the depth of abrasion flaws is as follows: steel (JIS SKDI11), Cemented Carbide G50, CC Anvil
Roll and Cemented Carbide G30. This result indicates that CC Anvil Roll has excellent wear resistance

equivalent to that of the cemented carbide anvil roll.
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Fig. 2. Comparison of depth of abrasion flaws on each Anvil Roll

3-2 Effect of CC Anvil Roll on the cutting edge

With regard to the decrement of blade height after the running test, a comparative chart according to
the anvil roll material is shown in Fig.3. The ascending order of the blade height is as follows: Cemented
Carbide G30, Cemented Carbide G50, CC Anvil Roll and steel (JIS SKD11). This result indicates that CC

Anvil Roll applies a less load on the cutting age than the cemented carbide anvil roll.
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Fig.3 Comparison of the decrement of blade height according to the anvil roll

As for the increment of the edge land width associated with the increase in the load on the roll, a
comparative chart according to the anvil roll material is shown in Fig.4. The edge land width was
measured by a digital microscope after operating 50,000 rotations under the each load condition. The
increment of the land width of the die cutter which contacted Cemented Carbide G30 is the largest.
Focusing on the tendency of increasing the edge land width, we found that the land width of the cutting
edge which contacted CC Anvil Roll increases more slowly than the cemented carbide anvil roll as the
load increases. On the other hand, the land width of cutting edge which contacted Cemented Carbide

G30/G50 rapidly increases at an early stage of the running test. After that, the land width increases

slowly.
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Fig.4 Comparison of the increment of the land width according to the anvil roll
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With respect to the cutting edge which contacted CC Anvil Roll or Cemented carbide G30, photos of
cutting edges in an early stage of the running test are shown in Fig.5. There are many chippings on the
cutting edge which contacted Cemented Carbide G30 and the land width increases by them. On the
other hand, there are fewer chippings on the cutting edge which contacted CC Anvil Roll. It can be
guessed that the rapid increase in the land width at an early stage of the running test shown in Fig. 4 is
caused by the unusual wear due to chippings. Based on the comparison of increase in the land width in
Fig. 4, it seems the cutting edge is rapidly worn by chippings in the area where the land width rapidly
increases and chippings are suppressed and the cutting edge is slowly worn in the area where the land
width slowly increases.

Comparing the increment of the land width between cutting edges contacting G30 and G50, the land
width of the cutting edge which contacted G30 more increases. This result seems to be caused by the
hardness difference of the materials, i.e. the cutting edge which contacted a harder anvil roll was worn
significantly. On the other hand, although there is no clear harness difference between CC Anvil Roll and
Cemented Carbide G30, the increment of the land width of the edge which contacted CC Anvil Roll is
clearly less than that with Cemented Carbide G30. It is guessed that Young's modulus of anvil roll has a
significant impact on these results.

CC Anvil Roll consists of a base metal with low Young's modulus coated with a thin hard layer. Young's
modulus of entire CC Anvil Roll seems to be lower than that of the cemented carbide anvil roll.
Guessingly, CC Anvil Roll suppresses the occurrence of excessive stress to the cutting edge due to the
difference of elastic deformation volume of the anvil roll when contacting the cutting edge.

From the running test, it was found that since there are fewer chippings on the cutting edge which
contacted CC Anvil Roll at an early stage and there is no rapid increase in the edge land width caused by
chippings on the edge, it can be said that the use of CC Anvil Roll has an effect on the reduction of

cutting edge’s damage risk.
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Fig.5 Photos of cutting edges after 50,000 rotations under a load of 490kgf on the roll
(a) Cutting edge which contacted CC Anvil Roll
(b) Cutting edge which contacted Cemented Carbide G30 anvil roll

Fig.6 Photo of a cutting edge after 50,000 rotations under a load of 1469kgf on the roll
(c) Cutting edge which was contacted with steel (JIS SKD11) anvil roll

The land width of the cutting edge which contacted the dies steel anvil roll increases as same as that
which contacted Cemented Carbide G30 anvil roll. The photo of the cutting edge which contacted steel
(JIS SKD11) anvil roll is shown in Fig.6. This photo was taken after the cutter rotated 50,000 times under
a load of 1469kgf on the roll. The shape of the land surface on the cutting edge which contacted steel
(JIS SKD11) anvil roll is different from other cutting edge shapes. After the running test, the depth of
abrasion flaws on the steel anvil roll is about 10 times deeper than those on other anvil rolls. That affects
the difference of the cutting edge shape.
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4.Conclusions
We developed “CC Anvil Roll”, as a means which satisfies both a long operational lifetime and low risk

of cutting edge chipping (Patent No. 5797408) and evaluated it with a running test. The results are
described below:

(1) CC Anvil Roll has excellent wear resistance comparable to a cemented carbide anvil roll.

(2) There are fewer chippings on the cutting edge as compared to a cemented carbide anvil roll.

(3) The use of CC Anvil Roll is effective in satisfying both a long operational lifetime of a die cutter and
reduction of cutting edge’s damage risk. It is guessed that this is caused by CC Anvil Roll's high
hardness and low Young's modulus.

Fig.7 The appearance of CC Anvil Roll
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